Abstract. The development of nonalcoholic fatty liver disease (NAFLD) is caused by the steatosis of hepatocytes, which induces oxidative stress (OS). Thus, OS has an important role in the development of NAFLD. In the present study, the L-02 hepatocyte cell line was used to develop a steatosis cell model. The best model was determined using an MTT assay and the triglyceride levels. Model cells were treated with high concentrations of uric acid (UA; 0, 5, 10, 20 and 30 mg/dl) for 24, 48, 72 and 96 h. Indicators of oxidation were then measured, which included total superoxide dismutase (SOD), malonaldehyde (MDA) and reduced glutathione (GSH), and the transcriptional and translational levels of SOD1 and γ-glutamate-cysteine ligase (γ-GCLC) were also determined. In addition, the intracellular levels of aspartate aminotransferase and alanine aminotransferase (ALT) were detected. The activity of SOD1 decreased over time and the result was supported by the results of western blotting. The transcriptional levels of SOD1 in model cells was significantly higher than untreated cells at 48 h. With the decreased levels of SOD1 and GSH, MDA increased in a time-dependent manner. The content of GSH decreased with time as well, which was also reflected in the results of western blotting. The transcriptional levels of γ-GCLC in all UA-treated groups were lower when compared with those observed in the model group. The activity of ALT tended to increase, depending on the duration of treatment. Treatment with 5 and 10 mg/dl UA had an antioxidative effect on the model cells, and 30 mg/dl UA treatment for 48 h increased OS in the cells.
Introduction
The prevalence of nonalcoholic fatty liver disease (NAFLD) has increased rapidly, making it the most common cause of chronic liver disease in the developed world (1, 2) . The pathogenic mechanism underlying NAFLD and its progression are not entirely understood. Accumulation of fat is an essential condition in the development of NAFLD (3), based on which hepatocyte oxidative stress starts causing injury to the liver, which accelerates the progression of NAFLD to more severe stages (4), such as non-alcoholic steatosis hepatitis, nonalcoholic fatty liver-related cirrhosis, and nonalcoholic fatty liver-related cancer (5) . Oxidative stress (OS) is a condition of imbalance between the antioxidant defense mechanisms and the production of free radicals, which favors the latter, leading to potential damage (6) . OS is one of the major contributors to the pathogenesis of NAFLD (7) . Increased accumulation of liver TGs may cause increased OS in the hepatocytes of animals and humans (8) . Many experimental models (9) and human studies (10) (11) (12) have shown a strong relationship between the severity of NAFLD and the degree of OS.
UA is a powerful scavenger of free radicals and was found to be able to scavenge 60% of free radicals in plasma (13) . However, it is possible that an increase in circulating levels of UA represents an adaptive response to protect against the detrimental effects of excessive free radicals and OS. But we hardly to see the studies UA could protect cells in related diseases as an antioxidant. Although the antioxidant effect of UA suggests that it would have therapeutic effects, a high serum UA concentration is associated with obesity and NAFLD (14, 15) , and, some possible mechanisms had been presented. In recent study, UA could protect brain health as an antioxidant, especially the level in acute raising (16) , so we guess that the same effect may occur in the liver. If the assumption is true, the researches of UA in NAFLD would make a change, the mechanism would more complex in human body.
The purpose of our study was to investigate whether UA can ameliorate OS in hepatic steatosis and the optimal concentration for this effect. Therefore, we tested the enzyme activities of glutathione (GSH), transcriptional and translation levels of γ-glutamate-cysteine ligase (γ-GCLC) and superoxide dismutase 1 (SOD1) in both untreated and model cells that were treated with different concentrations of UA. We also examined the levels of malonaldehyde (MDA), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) to reflect the level of OS and cell damage.
Materials and methods
Cell culture. HL-7702 cells (KeyGen Biotech Co., Ltd., Nanjing, China), hereafter referred to as L-02 cells, were maintained in high-glucose Dulbecco's minimum essential medium with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific Inc., Waltham, MA, USA) and 0.5% penicillin-streptomycin solution (HyClone; GE Healthcare Life Sciences, Logan, UT, USA). L-02 cells were grown in 25-cm 2 culture bottles (Corning Inc., Corning, NY, USA) at 37˚C with 5% CO 2 .
Development of a steatosis cell model. The method for dissolving oleic acid (OA) and developing a steatosis cell model was similar to that previously published by Wang et al (17) . Briefly, OA (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and NaOH were mixed in ultrapure water, and the solution was added to the standard medium to prepare a sodium oleate medium with OA concentrations of 0.1, 0.2, 0.3, and 0.4 mM.
Cell activity measured by MTT. Cells were inoculated into 96-well plates at a density of 1x10 3 cells/well and treated with five different concentrations of OA using six wells per concentration. After 24 h, 20 µl of MTT (M6494; Thermo Fisher Scientific, Inc.) was added to a final concentration of 5 mg/ml into all wells without removing the oleic acid medium. After incubating for 4 h at 37˚C, the media was removed and 150 µl DMSO was added into the wells with 10 min of shaking. The absorbance at 570 nm was then measured in microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). We found the viability of cells treated with 0.4 mM sodium oleate were significantly lower than that of untreated cells. Hence, the 0.4 mM condition was not used in further analysis.
Triglyceride (TG) measurement. The cells were inoculated into 6-well cell culture plates at a density of 3x10 5 cells/well for four different OA treatment groups. The intracellular TG concentration was determined using a TG measurement kit according to the manufacturer's instructions (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).
Treatment with UA. Cells were inoculated into 6-well culture plates at a density of 3x10 5 cell/well. UA at concentrations of 5, 10, 20, and 30 mg/dl was added to both model and untreated cells. The cells were incubated for 24, 48, 72, and 96 h. A UA concentration of 5 mg/dl is known as the normal blood UA level; a level of 10 mg/dl and higher is considered hyperuricemia (18) .
Detection of oxidative stress. The activity of total SOD and the content of GSH and MDA were used to reflect the level of oxidative stress. All parameters were measured using appropriate kits from Nanjing Jiancheng Bioengineering Institute (A001-3, A003-4, A006-2). The transcription levels of SOD1 and γ-GCLC were detected by a two-step quantitative reverse transcriptase PCR (RT-qPCR). Briefly, total mRNA was extracted from the cells using RNAiso Plus (Takara Biotechnology Co., Ltd., Dalian, China). The mRNA was reverse transcribed into cDNA using a First Strand cDNA Synthesis kit according to the manufacturer's instructions (Thermo Fisher Scientific, Inc.). β-actin was used as a control for the qPCR. The denaturation temperature for all three mRNA sequences was 95˚C. The annealing temperatures were 58, 5, and 57˚C corresponding to Zn/Cu SOD, γ-GCLC, and β-actin, respectively. After running 40 cycles, the melting curves were drawn by the software of IQ5. Three wells were used per condition. The primers for SOD1 were designed by Invitrogen, and the primers for γ-GCLC were designed by BGI. The sequences are shown in Table I .
The translation of SOD1 and γ-GCLC were determined by western blotting. Total protein was extracted using RIPA solution (Thermo Fisher Scientific, Inc.). Sample buffer (4X; Solarbio Science and Technology Co., Ltd., Beijing, China) was added to 40 µg protein at a ratio of 1:3 (v:v) and was then heated at 95˚C for 5 min for degeneration. SDS-polyacrylamide gel was made using a SDS-PAGE kit (Solarbio Science and Technology Co., Ltd.). Prestained protein ladder (8 µl) (26616; Thermo Fisher Scientific, Inc.) was added into one lane of the gel and 40 µg of the protein sample was added into the other lane. The electrical current was 25 mA per gel and the voltage of electrotransfer was 60 V per sandwich running for 1 h. The membrane was blocked with blocking buffer (CWBio, Beijing, China) for 1 h. The primary antibody of SOD1 (ab20926) and γ-GCLC (ab55435) (both from CWBio, Beijing, China) were diluted with TBST (CWBio) at a ratio of 1:1,000. After washing with TBST, the membrane was then incubated with the primary antibody diluent overnight at 4˚C. The secondary antibody (Booster Bioengineering Institute, Wuhan, China) was diluted with TBST at a ratio of 1:8,000. The membranes were incubated with the secondary antibody diluent for 90 min under 25˚C. Washed membranes were incubated with BCIP/NBT KIT (002209; Thermo Fisher Scientific, Inc.) for 10 min, taken pictures in GelDoc XR System (Bio-Rad Laboratories, Inc.). The grayscale of photos was analyzed by Quantity One software.
Statistical analysis. All of the data were analyzed using SPSS 23.0 and tested for normality and the homogeneity of variance. If the data showed normality and had equal variance, one-way analysis of variance (ANOVA; F distribution) was used. If there were significantly differences from the mean among all the groups, Tukey's method was used to complete multiple comparisons. If the data showed normality, but did not have equal variance based on one-way ANOVA, the Brown-Forsythe method was used to correct the results. For multiple comparisons based on unequal variance data, the Games-Howell method was used. If the data did not show normality, the Kruskal-Wallis H test was used, which is one of the non-parametric methods.
Results
Development of a steatosis cell model. We tested cellular viability by an MTT assay to ensure that the OA concentrations used did not impact metabolic activity. As shown in Fig. 1A , 0.4 mM OA showed a significant decrease in cellular activity and, thus, this condition was excluded from subsequent experiments. Next, we found that the 0.3 mM treatment group showed the highest TG concentration (Fig. 1B) . Thus, the condition of 0.3 mM OA was chose.
Detection of oxidative stress. The purpose of our study was to detect the variations in oxidative stress in the steatosis cells after treatment with UA. As a result of the antioxidative abilities of UA, we predicted that after treatment of steatosis cells with UA, the oxidative stress should be lowered, especially with low concentrations of UA.
The MDA (Fig. 1C) content of model cells was higher than that of untreated cells at all time-points (P<0.05). All the UA-treated groups showed no significantly differences compared with the untreated groups at 24 h (P>0.05). With an increase in treatment duration, the 5 and 10 mg/dl group had lower MDA levels than the model group (P<0.05), and the MDA level of the 10 mg/dl group was closest to that of the untreated group. However, the 20 and 30 mg/dl treatments could not stop the accumulation of MDA in the model cells after 72 and 96 h, respectively.
The GSH content ( Fig. 2A ) of model cells was lower than that of untreated cells (P<0.05). All the treated groups show an increasing at different time-point. All four concentrations of UA elevated the GSH content in steatosis cells at 24 h (P<0.05). UA at concentrations of 20 and 30 mg/dl did not elevate the GSH concentration in steatosis cells any further after 24 h (P<0.05), and had no difference compared with model cells (P>0.05) as well as the 10 mg/dl group after 72 h (P<0.05). However, after treatment with 5 mg/dl UA, GSH content was higher than it in the model group over the course of the experiment.
In the transcription results for γ-GCLC (Fig. 2B ), there were no statistically significantly differences between the model group and the untreated group (P>0.05). The 30 mg/dl treatment group showed higher transcription levels than the model group (P<0.05). Only the 10 mg/dl group after 72 h had levels lower than that of the untreated group (P<0.05). The other groups did not show statistically significantly differences compared to the untreated group at any time-point (P>0.05). The translation of γ-GCLC (Fig. 2C and D) in the model group was higher than that in the untreated group at all four time-points (P<0.05). The 5 mg/dl group had a lower translational level than the model group, and the 30 mg/dl group showed elevated translation at 96 h in the steatosis cells. The 10 mg/dl group at 24 and 72 h and the 20 mg/dl group at 24, 48, and 96 h showed decreased levels of γ-GCLC in the steatosis cells (P<0.05).
The activity of SOD1 (Fig. 3A) in the model cells was not lower than that of the untreated cells, especially at 24 h (P<0.05), and there were no statistically significantly differences between the two groups from 48 to 96 h. The 5 mg/dl UA group had elevated SOD activity compared to the untreated group (P<0.05), and the 30 mg/dl UA group showed reduced SOD activity compared to the untreated group at 96 h (P<0.05). The transcription level of SOD1 (Fig. 3B ) in model cells was higher than that of the untreated group at 48 h. With the exception of the 20 mg/dl group, all the other groups had reduced transcription levels in steatosis cells at 48 h (P<0.05). The 5 and 10 mg/dl groups did not show any differences. However, the transcription level of the 5 mg/dl group was still higher than that of the untreated group at 48 and 72 h (P<0.05). All of the UA-treated groups showed no significantly difference at 96 h (P>0.05). The 10 and 30 mg/dl groups did not show any differences with the untreated group over the course of the experiment (P>0.05). The translation of SOD1 (Fig. 3C and D) in the model cells was higher than that of untreated cells until 96 h (P<0.05). All the UA-treated groups showed higher translation levels than the untreated group at 24 h. The 10 mg/dl group had a lower level compared to the model group from 48 to 96 h, although not significantly different. The 30 mg/dl group had a tendency declined over time, especially at 96 h (P<0.05). However, the other groups showed no consistent trends.
Intracellular AST and ALT. From the Fig. 4A , there was not a difference in the untreated group and the model group until 96 h (P>0.05). The 10 mg/dl group had no differences compared to the untreated group, and the 20 mg/dl group showed no differences compared with model group from 24 to 72 h. The 5 mg/dl group and 20 mg/dl group showed lower AST levels at 48 h compared with their level at 24 h (P<0.05), and then increased at 72 h (P<0.05), declined at 96 h (P<0.05). In ALT (Fig. 4B) , except for the 10 mg/dl group, all the groups had a tendency of increasing over time. There was no difference among the first two time-points compared to the untreated group; however, at the last time-point, a slight increase was observed (P<0.05). Compared to the treated group, the activity of all other groups was higher. The 10 mg/dl group decreased to the level of the untreated group at 96 h (P>0.05). The 30 mg/dl group showed the highest level among all groups from 48 to 72 h (P<0.05). We found that the ALT in 10 mg/dl group at 96 h stopped increasing and it was significantly lower than the model cells.
Discussion
In the recent two years of the studies correlated to the NAFLD and uric acid, the authors paid primary attention to the relationship between developing of NAFLD and the concentration of SUA (serum uric acid). For example, Zheng et al (19) collected 95924 people from the First Affiliated Hospital of Chongqing Medical University during 2011 to 2014, they found a positive relationship between the concentration of uric acid and the developing of NAFLD, justified the age, BMI and waistline. Fu et al (20) carried out a cross-section study which 5628 people included. They discovered the increased morbidity of metabolic syndrome and NAFLD accompanied with the increased SUA. In addition, Zhou et al (21) found the higher of the SUA level the lower the probability to attenuate the progression. There was not some mechanism studies, and as an antioxidant, uric acid was rarely researched. There were two aspects about the mechanism that uric acid could induce oxidative stress under the existing information studies.
The first is that xanthine oxidase could catalyzed xanthine to uric acid accompanied with generating of ROS, with the substrate of the XO increased, the uric acid and the ROS increased either. With the duration of the stimulation of excess ROS, the OS would generate (22) . The second is uric acid could access in cell to generate ROS through NOX (NADPH oxidase) (23) , but this viewpoint mainly got from the studies on adipocytes, we did not clear whether this would happen in the hepatocytes.
The features of intracellular OS are the decline of antioxidants and the increase of oxidative products. Living organisms are protected against oxidative damage by enzymatic or non-enzymatic antioxidant molecules such as SOD and GSH (24) . GSH is a reductant in oxidation reactions resulting in the formation of GSSG by the catalytic acitivty of GSH-px (25) . The catalysis by GCL (glutamate cysteine ligase) is the rate-limiting step in GSH biosynthesis (26) . Superoxide is dismutated to hydrogen peroxide, a far less reactive product, by the action of a family of metalloenzymes known as SOD (27) .
In this study, the content of GSH in the model group at each time-point was significantly lower than that in the untreated group, as indicated by enzyme activity. This may be because of the oxidative stress induced by steatosis. As mentioned above, UA is a bifunctional substance. From this result, we found that the 10 mg/dl treatment has the ability to lower OS to a level similar to that of the untreated group. However, the higher concentration groups did not show enhancement in the levels of GSH in model cells. The transcription levels of γ-GCLC in all the groups tended to be lower compared to the model cells. However, 5 and 10 mg/dl groups showed low levels of transcription at all time-points. The translation of γ-GCLC in the 5 mg/dl group declined before 96 h and then was stabilized at 96 h. The 10 mg/dl group and 20 mg/dl group did not have a stabilizing effect. The GSH-related indexes suggest that 30 mg/dl UA can aggravate the OS, and 5 and 10 mg/dl may have a protective role.
SOD is the main free-radical scavenger that can significantly reduce free radical damage to the body. It is an active substance generated by living organisms, which can eliminate harmful materials such as free radicals produced during normal oxygen metabolism (28) . It can react with oxygen free radicals to generate hydrogen peroxide (29) ; the latter is converted into water by the organism and excreted. Thus, SOD1 activity represents the free radical scavenging ability of the body. Lipid peroxidation and bodily damage are also concomitantly increased. Under normal conditions, SOD1 release would also gradually increase to maintain the balance between oxidation and antioxidation (30) . Before the experiment, we predicted that under the oxidative stress of the model group, the activity and the transcription, as well as the translation of SOD1 would be lower than that of the untreated group, and that of one or more UA-treated groups would be higher than the model group; however, in this study, we did not observe this phenomenon. The activity and translation of SOD in the model group was higher than the untreated group. This is contrary to the results of Jiang et al (31) . The reason for this might be that the accumulation of fat in the model cells could not induce stress enough to reduce SOD. With the increased demand for antioxidants, the translation of SOD increased to adapt to the increased oxidizability. However, with the increase of SOD level, no matter the translation or activity, we observed that 10 and 30 mg/dl UA treatment relaxed the demands for SOD1 at 24 and 48 h, but only 10 mg/dl stop the SOD1 from continuously increasing or decreasing. From the result of RT-qPCR, all of the treated groups had high transcription levels of SOD1 relative to that of untreated cells at 48 h, and all the UA-treated groups had lowered transcription levels of SOD1. Interestingly, the demand for SOD1 in the model cells seemed to gradually decline, and there was no statistical difference after 72 h between the untreated cells and the model cells. The same phenomenon was found in the results for the transcription of γ-GCLC. We guessed that the fat accumulated in cells was metabolized gradually over time, and the model cells recovered from the oxidative stress. In other words, the oxidative stress was relaxed gradually in the model cells, and compared to SOD1, GSH might the more sensitive indicator of OS in this experiment because of the low GSH levels from the beginning to the end.
MDA is a toxic end product of lipid peroxidation, and its content can directly reflect the rate and extent of lipid peroxidation and indirectly reflect the capacity for eliminating free radicals (32) . In our study, the MDA content increased depending on the time, and the 5 and 10 mg/dl treatment groups showed decreased MDA content at each of the time-points compared with model cells. This reflects a relaxed intracellular OS.
Serum aminotransferase, especially ALT, has become the standard biomarker for detection of liver injury (33) . But it is rare to study the relationship between the cell damage by OS and intracellular aminotransferase. In our study, we found the ALT activity increased in a time-dependent manner. It seems that 10 mg/dl UA at 96 h has a beneficial effect. However, for AST, we could not found a tendency dependent on time, This result conflicts with that of Wang et al (17) , and it needs to be further researched. ALT is the enzyme that catalyzes the conversions of α-ketoglutarate to glutamate and pyruvic acid to alanine and is a rate-controlling enzyme for gluconeogenesis in the liver (34) . AST is the enzyme that catalyzes the conversion of oxaloacetate to aspartate (35) . Oxaloacetate and α-ketoglutarate are important intermediates in the tricarboxylic acid cycle (TCA). The α-ketoglutarate/glutamate pair and oxaloacetate/aspartate pair have strategically important roles in amino acid metabolism. However, the correlation, as well as the mechanism, between the two transaminases and degree of cell damage intracelluler is not clear. As NAFLD is a disorder of energy metabolism, AST and ALT may play roles and are thus merit further study.
From the above, we found that the concentration under 10 mg/dl (included) could serve as an antioxidant in the steatosis hepatocytes. This is not consistent with other studies mentioned above, ROS could generate as a by-product in the uric acid generation in preceding introduction, but our intervention via UA had no correlation with UA generating in organism, so do the ROS. So, we could say these two behaviors were two different processes, it's not strange we got different result compare to the in vivo studies. The antioxidative activity could occur in the brain, being a protector for several disease such as multiple sclerosis and neurodegenerative disease, as well as cardiac and renal toxicity in another study (16) . We think this beneficial may also be speculated on the liver.
We found that treatment with 5 and 10 mg/dl UA caused a relaxing effect on OS in our steatosis cell model. Additionally, 30 mg/dl UA may aggravate OS. We suggest that UA may have a protective role in OS.
The steatosis cell model created with 0.3 mM OA treatment for 24 h is not sufficient to induce a decrease in intracelluar SOD1; thus, a better model should be the focus of future study.
